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Abstract
Safety is the most important consideration in civil aviation, and human factors directly influence the safety of an 
aircraft. This paper focused on implementing the human factors by using improved NASA-TLX to enhance the safety 
of aircraft in the design phase.
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1. INTRODUCTION
Currently, with the development of technique, the rate of civil aircraft accident has been gradually 
declined. According to NASA’s statistics, however, over 75% of accidents related to the performance of 
human. Therefore, the behavior of pilots in flight deck is the uppermost factor of flight safety.
European Aviation Safety Agency has already published two regulations related to human factors in 
Certification Specifications for Large Aeroplanes CS-25[1]: a. CS-25-1302: Installed System & equipment 
for use by the flight crew, b. CS-25-1523: Minimum flight crew. Both of these two regulations 
concentrate on the safety perform of pilots. And CS-25 book 2 Acceptable Means of Compliance [2]
recommends the workload evaluation could be used as compliance certification to verify the regulations.
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The most useful technique to evaluation workload is subjective assessment, including the methods of 
NASA-TLX, SWAT and CH. Among them, NASA-TLX is the most widely used, and it has achieved 
some solid goals in human factors research. However, until now this method only can be used in-fight or 
aft-flight conditions. Since it is necessary to consider human factors during the design phase, if not, the 
aircraft would not fit for the pilot to operate, and the safety would decrease dramatically. Therefore 
whether NASA-TLX could be used in design phase should be discussed. This paper focuses on the 
possibility of availability of NASA-TLX to implement human factors thoughts in design phase.
2. DESCRIPTION OF EXPERIMENT METHOD
NASA-TLX is a broadly accepted method to evaluate the workload of crew member in-fight or aft-
flight phase, which has six dimensions: Mental Demand, Physical Demand, Temporal Demand, 
Performance, Effort, Frustration Level [3].
Normally, the procedure of implementation this method includes two steps: firstly, grading each 
dimension based on the different items in questionnaire, the rating scale is from 0-20. 0 and 20 represent 
the lowest and the highest workload respectively, then, comparing each two scores in six parameters to 
determine the weight of parameters, and drawing a conclusion about the workload [4].
2.1 THE USAGE OF NASA-TLX IN THE RESEARCH
According to the requirement of research, our implementation differed a little from NASA-TLX. The 
rating scale was expended to 0-100, and the second step was replaced by measuring the arithmetic 
average and mean square deviation, with volume normalization.
2.3 PARTICIPANTS
The participants to accomplish the NASA-TLX were six experts. Before scoring, they carefully 
studied the method of NASA-TLX by themselves. After the calculation, the results were reviewed by two 
pilots who have now served in Eastern Airlines Corporation.
2.3 THE CONTENTS OF QUESTIONNARIE
The questionnaire was about the human factors in flight deck design which contained 72 items. These 
items were classified as following: Horizon, Display, Control, Systems State, Warning System, 
Environment, like the extent of the lighting would affect the operation of the pilot, in order to reflect the 
human factors design philosophy in the design phase.
2.4 EXPERIMENTAL PROCEDURE
The experiment was carried out in three stages. Firstly, the eight participants scored the giving 72 
items according to their understanding on aviation human factors and NASA-TLX. The method to score 
the items depended on the way the participants own habits, not only by scoring the row first, but also the 
column was accepted. Then, the data were analyzed by mean analysis and mean square deviation, with 
volume normalization analysis.  
Secondly, after half week of the first stage, the same items were scored by the same participants. 
However, before the scoring, the participants were trained on the connotation of the six parameters of 
NASA-TLX, especially the definition of parameters of performance and frustration level. During the 
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process of scoring, the participants were taught to grade one column firstly, which means to score the 
same one parameter of the 72 items, then the whole index was finished horizontally, that is to consider the 
correlation of the six parameters. The new data were also analyzed by mean analysis and mean square 
deviation, with volume normalization analysis.
Thirdly, the two data were analyzed comparatively. The detail is as following section.
3. ANALYSIS
3.1. THE ANALYSIS OF FIRST STAGE
In the first stage, the data of weights of mental, physical and time were reasonable, liking the following 
figures 1, 2, and 3. The horizontal axis is the number of items, and the vertical axis is the means of the 
items of this parameter among the six. The difference on the items of these three parameters was small, 
which indicated that about certain item, the thoughts of subjects were roughly same. However, the 
differences in some items were not expected, like item 68 in temporal weight and 5 and 27 in the mental 
weight, and according to our analysis, the main cause of these differences is the participants’ different 
understandings on these items.
Fig. 1. Mental Weight of first stage
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Fig. 2. Physical Weight of first stage
Fig. 3. Temporal Weight of first stage
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For the weight of effort, performance and frustration level, the differences were quite large. The reason 
was related on the different understanding on the connotations of the parameters. For example, in 
performance weight there were many zero, like the magenta curves, which shows that no matter what 
kind of design on these items, the performance of pilots would not be influenced. This result was 
unreasonable.
Fig. 4. Performance Weight of first stage
3.2. THE ANALYSIS OF SECOND STAGE
As described in subsection 2.4, in second stage, the definitions of the six parameters were giving out
clearly, and the scores were carried out according to certain rules. Therefore, the results of the weights of 
effort, performance and frustration level were significantly improved, as figures 5, 6 and 7:
Fig. 5. Effort Weight of second stage
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Fig. 6 Performance Weight of second stage
Fig. 7 Frustration level Weight of second stage
From the above three figures, the distribution of weights of effort were in a reasonable range, no 
extreme effort existed, which complied with the design philosophy. And there had some large weights in 
performance and Frustration level, like item 13 and 37 in performance and items 2, 40, 60 and 72 in 
frustration level. However, the correlation, which presented by the mean square deviation,  of trend of 
certain weight was much better than the data collected in the first stage, which indicated the fidelity of the 
result had been improved greatly in the second stage. Nevertheless, the correlations of performance and 
frustration level still have some unreasonable results, which need further improvement.
3.3. EVALUATION
After analyzes, the relatively larger and smaller items in the second stage were listed, like the items 
mentioned above, to evaluate by the pilots whether the irrational design of the giving item would affect 
83ZHENG Yiyuan et al. / Procedia Engineering 17 (2011) 77 – 83ZHENG Yiyuan et al. / Procedia Engineering 00 (201 ) 000–000 7
them on certain aspect about the six parameters. And the results were encouraging, with the fidelity of the 
experiment was confirmed by the pilots.
4. CONCLUSION
From our analysis, the second set of data outperformed the first one well, especially in some 
parameters, such as, effort, performance and frustration level. This improvement results from the clear 
redefinition of the certain parameters, and no different understandings that would degrade the accuracy of 
the results. Moreover, the factors that would affect the outcome are the configuration of the items and the 
connotations of the parameters, and the second factor should be minimized in practice. 
This experiment verified the implementation of human factors in the design phase by using NASA-
TLX. Aiming at the items which were scored larger of smaller, the corresponding parameters should be 
considered carefully during the design. Statistical data shows that the expense ratio to correct a defect in 
design, developing and manufacturing phase is 1:10:100[5]. Therefore, the earlier consideration of human 
factors, the less unreasonable cost would spend, and the safer aircraft is. 
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